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I. INTRODUCTION 

The following i s  a b r i e f  descr ipt ion of t h e  t e s t  setup, measure- 

ments and results of t h e  Block I1 S-band omni pa t t e rn  measurements 

on t h e  CSM. 

Center Antenna Range (Building 14) during October and November 1966. 
The measurements were performed a t  t h e  Manned Spacecraft 

The pa t t e rn  numbers, locat ions,  frequencies, po lar iza t ions  and 

gains  are given below: 

. *  

No. 
18 
1-9 
20 
21 
22 

23 
24 
25 
26 

28 
29 
30 
31. 
32 
33 
A 

B 

27 

Locat ion 

$=315O 
$=315O 

#=r35O 
$=135O 

$=315O 
$=315O 

$=225O 
$= 45O 
$= 45O 

$= 45O 
#= 45O 

$=135' 

$=135' 

$=225O 

$=225' 
@=22 5' 

Compos it e 

Composite 

Freq. 

2106 
2106 
2106 
2106 
2287 

2287 
2287 
2287 
2287 
2287 
2287 
2106 
2106 
2106 
2106 
2287 
2106 

2287 

Polar izat ion 

RCP 

LCP 

RCP 

LCP 

RCP 

LCP 

RC P 

LCP 

RCP 

LCP 

RCP 

LCP 

RCP 

LCP 

RCP 

LCP 

RCP 

RCP 

Gain of 
"0" db on RDP 

6.0 
4.0 
5.7 
7.0 
6.6 
6.6 
4.1 

* 4.1 
6.7 
5.0 
4.7 
3.7 
5.6 
5.6 
5.1 
5.1. 
6.7 
6.0 



11. TEST SET-UP 

The t e s t  set-up for t he  antenna pa t te rn  measurements consisted of 

a .transmitting system, a receiving system (including t h e  spacecraft 

antennas on a fill scale CSM mochxp), a recording system and a posit ioner 

f o r  obtaining various spacecraft orientations.  The transmitt ing,  

receiving and posit ioning systems a re  shown i n  the photograph in 
Figure 1. 

Room of Building 14. 
The recording equipment i s  located i n  the Remote Control 

The 6000 pound mockup of t he  CSM is  elevated 35 f e e t  on the  

The Command Module (CM) i s  Receiver Support Tower (posit ioner).  

covered wi th  spec ia l  cork and aluminum f o i l  to simulate the  e l e c t r i c a l  

charac te r i s t ics  of t he  heat sh ie ld  on the Block I1 spacecrafts. 

The four antennas t e s t e d  a re  quartz embedded J-elices _. supplied by 

Amecom and a re  mounted on the  maximum radius point of t he  CM (X =20.76") 

135', 225', and 31.5' (Q  = 90") as shown i n  the  coordinate at $ = 4 5 O ,  
system i n  Figure 2. 

C 

- _  -.d ' ---- 
The recessed or "hot side" antennas %re - -- locaied -. - _ _  -- - -_._I.- a t  

covered w i t h  a 0.7" ablator  plug which i s  inserted in to  a f i b e r  g lass  

sleeve. 

the  recessed antennas. The f lush  mounted or "coLd side'' antennas 

($ = 45O, 315') a l so  have the  f i b e r  glass  sleeve; however, t he  quartz 

surface of the  antenna i s  mounted f lush  with the  ablator  as  practicable 

and the  aluminum f o i l  i s  d-c bonded to t h e  antenna ground. 

of each antenna i s  mounted perpendicular to the  X axis  of the  spacecraft. 

The a lumind f o i l  i s  removed from a 7.5'€ radius c i r c l e  around 

The ax is  

The c r i t e r i a  used f o r  mounting the  antennas on the  mockup was 

obtained from NAA and the antenna vendor. Since the  antenna axis  i s  

mounted perpendicular to the  spacecraft X axis,  the antennas w i l l  vary 

s l i gh t ly  i n  being t r u l y  f lush  from spacecraft to spacecraft due to the  

ablator  radius tolerances a t  s t a t ion  Xc = 20.76~'. 
w i l l  cause beam sh i f t i ng  which i s  discussed i n  section I11 o f . t h i s  

report .  

These var ia t ions 





I n  measuring t h e  radiat ion f o r  various spacecrafi  or ientat ions 

conical pat terns  were- obtained by ro ta t ing  the  mockup about the X ax is  

( @  var ia t ion)  for f ixed values of 0 every 2 degrees between 0 and 180 

degrees. Jh? locus of a conical cut a t  8 %  20 is  shown i n  Figure I_ 2, 

The rad ia t ion  d i s t r ibu t ion  pr intout  (FiDP) shows the  l eve l  i n  negative 

db f o r  16,380 a t t i t udes  w i t h  "0" db corresponding to a gain given on 

the  bottom of each pa t te rn  referenced t o  a c i r cu la r ly  polarized perfect  

i so t ropic  source. 

the  RDP corresponds t o - a  gain of 6 db above a perfect  c i rcu lar  isotropic  

level .  

ponds to 4 db, e tc .  

--_.I - -___/ 0 
_i- 

For example, on pa t te rn  18 the  printout of a "0" on 

A printout of "1" corresponds to 5 db, a printout of 2 corres- 



c 
, dMMI S-BAND A N T E N N A S  
ARE LOCATED AT 

*;= 45", l35*, 225* 



111. MEASUREMENTS 

The measurements were made using a c i r cu la r ly  polarized s i x  foot 

diameter parabolic transmitt ing antenna a t  a range length of 2,000 

f e e t  from the  spacecraft (receiving) antennas. 

r e f l ec t ion  range mode, the s i x  foot dish was adjusted to a height of 

7.0 f e e t  a t  2106 MHZ,  the  spacecraft receive frequency, and 6.1.4 f e e t  

a t  2287 MHZ, the  spacecraft transmit frequency. 

Using the  ground 

Before t h e  spacecraft antenna measurements were made, t he  f i e l d  

f o r  

the 

the  

the  

was probed w i t h  a standard gai.n horn to insure proper c i r cu la r i ty  and 

minimum phase taper  of the  transmitted f i e l d .  

every 30 degrees f o r  an area of + 8 f e e t  i n  height and + 15 f e e t  

horizontally.  

var ia t ion  of f i e l d  a x i a l  r a t i o  and L__f - f i e ld  taper  was adjusted to 2 -$ db 

The f i e l d  w a s  probed 

- - 
Depth-pro%-ing was performed f o r  - f 10 fee t .  The maximum - __ 

t he  volume defined. above. 

The overa l l  e r ro r  associated.with t h e  pat terns  i s  - + 1 db within 

half power (3 db) beamwidth of each entenna and - + 1.5 db outside 

main beam except f o r  the  area when the  main lobe was pointing in to  

f i b e r  glass  tower. The e f f ec t  of the tower causes an e r ror  of up 

. t o  - + 7 db i n  the  region between -135' and -45' i n  roll from the  ax is  

of t he  antenna. For the  antenna located a t  + =  45' (0 = 90') the  main 

lobe points i n to  t h e  f ibe r  g lass  tower f o r  roll angles between @ T  270' 

and @ =  0 . This e r ro r  i s  especial ly  noticable f o r  azimuth (0) angles 

between 0' and 20°.and. between 170' and 180'. 

0 

A correction ciin be made 

to eliminate the  tower e r ror  by u t i l i z i n g  the  symmetry of t he  patterns.  

For the  $= 4 5 O  antenna the 0 points a t  ;&= 92' replace those at  $ = 3 5 8 O ,  
6 = 94' replaces 5 = 356O, e tc .  The f i n a l  report  on these pat terns  

w i l l  have the  tower e f f ec t s  eliminated. 

The absolute gain measurements were performed using a standard 

gain horn (gain s i 6  db) w i t h  a conservatively s t a t ed  accuracy of 

ings on the  pa t te rn  integrator  and assuming' a-1 db (8%) eff ic iency 

on the  f lush  mounted antenna and 1.4 db eff ic iency on the recessed 

antennas. The gain measurements wi th  the reference horn were repeated 

numerous times to insure a r e l i a b l e  measurement. The integrator  gain 

( w i t h  efficiency assumed) correlated closely wi th  ac tua l  measured 

values . 

-- _ _  - 
,+0.5 - db. Also,  the  gain was determined by using the  d i r e c t i v i t y  read- 
I--_ __ 



In  addition t o  normal system and tower e r ro r s  there  a l so  is  an 

error which i s  due t o  the  s l i gh t  var ia t ions i n  the  mounting of the  

antennas as discussed i n  section 11. Since these var ia t ions w i l l  a l so  

be present i n  ac tua l  spacecraft mounting t h e  pa t te rn  prediction is  

s l i g h t l y  l imited.  

40 
shif'ted. It i s  believed t h a t  t h i s  sh i f t i ng  is  due t o  s l i gh t  differences 

i n  t h e  mounting. 

and r e a r  leve ls  or percent coverage fac tors .  

I n  pa t te rn  18 and 20 t he  main lobe i s  sh i f ted  30' - 
off  axis ;  whereas, the  corresponding pat terns  of 30 and 32 a re  not 0 

The beam s h i f t  does not appear t o  a f f ec t  t he  forward. 

The composite pat terns  A and B have addi t ional  e r rors  i n  portions 

of the  pat terns  due to rounding-off the maximum gains a f t e r  a correction 

f ac to r  i s  added. For example, on composite A the  maximum gain i s  taken 

as 6.7 db which corresponds t o  the  @ = 225 antenna. The @ = 135' 
antenna has a maxinum gain of 6.6 db; therefore,  the  leve ls  i n  the  135' 
portion of t he  pa t te rn  a re  0.1 db high. 

on the  45 
t he  composite maximum of 6.7 db. 

correction fac tor  scales  the  4.1 db gain t o  7.1 db and the resu l t ing  

aZditional e r ro r  causes the  leve ls  i n  the  § = 315 
E&. 

tower e f f ec t s  a r e  noticeable w i t h  the  pr in t ing  of O's, 1 ' s  and 2's on 

the  RDP. 

0 

There i s  no addi t ional  e r ro r  
0 since a 2 db correction fac tor  changes i t s  4.7 db gain to 

On the $ = 315' antenna a 3 db 

0 region to be 0.4 db 

Also, f o r  azimuth ( 0 )  angles of 0' - 25' and 1-60' - 180' t he  



IV. RESULTS 

The r e s u l t s  of t he  Block I1 CSM pat terns  a re  d.escribed i n  general 

terms w i t h  t he  following statements: 

a. The percent coverage of t he  antenna system a t  a perfect  c i rcu lar  

isotropic  l eve l  i s  80% or be t t e r  f o r  most of the patterns.  Using 

the  perfect  c i rcu lar  isotropic  l e v e l  there  i s  no 3 db loss  f o r  

polar izat ion w i t h  a c i rcu lar ly  polarized ground antenna. 

The maximum worst case leve ls  measured off of t he  nose (Q = 

0 ) a re  5 db below a c i rcu lar ly  polarized perfect isotropic  

source e 

The maximum worst case leve ls  measured off of the t a l l  (Q = 

180 ) are  16 db below a c i rcu lar ly  polarized perfect  isotropic  

s ovrce .-- 

b. 
0 

C .  
0 

d. The flush mounted antennas have an excessive a x i a l  r a t i o  

( w l l  ab) especial ly  a t  the  spacecraft receive frequency of 

2106 M H Z .  The a x i a l  r a t i o  a t  the spacecraft transmit frequency 

2287 MHZ i s  not as bad ( - 8  db). The percent coverage f o r  the 

f lush  mounted antennas w i t h  ax i a l  r a t i o  losses considered i s  

approximately the same as the  recessed antennas a t  the  zero db 

c i rcu lar  isotropic  level .  

.e. The forward and r ea r  coverage i s  s l i gh t ly  be t t e r  with the  f lush  

mounted antennas probably because the  radiat ing portion i s  

closer  to the  skin of t he  ablator.  

A more detailed. explanation of pat tern r e su l t s  w i l l  be given i n  
the  f i n a l  report .  
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